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(54) COMPOUND SEMICONDUCTOR LIGHT EMITTING ELEMENT AND ITS 
MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a compound 
semiconductor light emitting element which is suitable for 
mass production by forming a metallic thin film electrode 
containing a dopant of the same conductivity as that of a 
^ compound semiconductor layer on the semiconductor 
layer and an electrode which is bought into contact with 
at least part of a transparent electrode formed on the 
thin film electrode. 

SOLUTION: An Si02 film 11 which'becomes an 
insulating film is partially formed on the surface of a p- 
type GaN layer 7 containing Mg as a p-type dopant and 
a metallic thin film 13 containing Mg which is the same 
p-type dopant as that contained in the GaN layer 7 and 
an ITO transparent electrode 15 are formed in an area 
where the Si02 film 11 is not formed on the surface of 
the GaN layer 7. Since a P~side electrode 17 for bonding 
pad which is brought into contact with part of the ITO 
transparent electrode 15 is formed on the Si02 film 11, 
the transparent electrode 15 can be formed easily 

without sacrificing the ohmic property of the electrode 15 by the action of the metallic thin film 
electrode 13 containing Mg. 
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(57) [Sft] 

r A 7S« 1 <D±&cG a N ^77 
S3. nfGaNI5, piF^Oh©Mg^Op 
5SGaNH7*:fi£fi3i*£. iai/cniGaN150 
_L&C, pIGa N@ 7 i$fe#T-SNffliJ^S9 £Jf2J&T 
pMGaNH7cD±k:S i O, Ml K MpSG 

@1 3&&f&?Z 0 ^ISIlil 3<D±&£, I TO 
(Indium Tin Oxide) S^S^S 1 b 2> 0 S i O 

*®11<D±K:, I TOa«*«l 5<D-»i«TS# 




(2) 

1 

m-*7T-<Tmm±icj8,mLtcmimmmi nxGay 

A 1 zNl (x + y+ z = 1, OSx, y. zSl) 
4. 

i^l^m^GaN®±tCfiSgL-fc^2«mMI nxG 
ayAlzNf (x + y+z = l, OSx, y. z S 
1)4. 10 
I£fFS2>SS§>GaNJf 4|&fii;*ft, lute® 1 ill I n 
xGay A 1 z NJf (x+ y + z = 1 , OSx, y, z 

s i ) ±K.Bf&ztitcmimmt. 

Wm^m2^mm InxGayAl zNl (x + y + z = 

i, oix, y, z s 1 ) ±<D-mm.micBi&3 n/cie 

^Jg4> 

mjlfiil 2 MmM I nxGayA 1 zNl ( x + y + z = 

i, osx, y> zsd ±<Dmizmmmmmmi-m 

ommtfcfcZ titc . jwiBS& 2 InxGayAl 
zNJg (x + y + z = 1 , OSx, y, z S 1 ) 4|5|— 20 
SgSS F-^> F ££if£JS?ffigSffi4. 
s#js»Msffi±tc^s ftfcj§BJ1i® 4 . 
tWMMMLhKJ&iRSn. < £fc*rSB»|li«*©— 

■«J"7T-f7a«±K:flll*Wlgl I nxGayA 1 zNl 
(x + y + z=l, OSx, y, z^l) 5r«gSt4 
Hi. ' 30 

te^lzsmSU nxGayAl zNl (x + y + z = 
1. OSx, y, z^l)±Kl2i^GaNM^ 

MiBlfl 1 il^S I nxGayAl zNl (x + y + z = 
1. OSx, y, z S 1 ) ±{CfflS^2^MGaNJl 

wmfH2mm3l InxGayAl z NJS (x + y + z = 
1, OSx, y. z S 1 ) ±<D-fffiRiC(c«iHi«^JlS 

■rsiii, 

iSf2if^InxGayAl zNl (x + y+z= 40 

i. osx, y, zsd ±<DmzE&mmmmmm 

(Dmmc, mi&f%2mwm InxGayAlzNKx 
+ y + z = 1 . OSx, y, z S 1 ) iBHWfiF- 

Mimtic mwnmz B&? sum t . 
tuis^H±«c. d>ts. < 4 bm§mwmm<D— utm-t 
2 m&zmmt &jm t zmm b/cc 4 1 1 

[i*13] GaN^b^^&Jfa^ftSrKOtH 

■t<t&&m#f&a&--cb'»x. so 
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SRf7T-fT»«±KfiSfiLfc*ia«SI nxGay 
AlzNI (x + y + z=l, OSx, y, zSl) 
4. 

Smimmmi nxGayA 1 zNl (x + y+z = 
1. OSx, y, z S 1 ) ItcgiSlfc. 
-f-5>SI2 jfm^ InxGayAl zNl(x + y + z = 
1, OSx. y, z S 1 ) 4, 
mm 2 mmm I nxGayA 1 zNH (x + y+z = 

i. osx, y, z s i ) iffit^n, ffiMzmimmm 

1 nxGayA 1 z Nl (x + y + z = l, OSx, 

y, z S 1 ) ±«cj&sS3tt;fcSfS 1 ^@4, 

1513^2 I nxGayA 1 z NJI (x + y + z = 

l, osx, y, zsd <D¥&mmnm<Dm±.K.Bts, 

£ftfc. lul2^2*mMI nxGayA 1 zNl (x + 
y + z = 1 , OSx, y, zSl) 4|s]— JgSSJ K— 

BUl3^2 InxGayAl z Nl (x + y + z = 

l. osx. y, zs i) <D¥mmm±tcBi&2ti. & 
u< thwmmmnM<D—mtmfi>m2mMt^m 
Ltcct t 

t7 7-f T«S±«:m 1 jgm^ InxGayAlzNJf 
(x + y+z=l, OSx, y, z S 1 ) 
III4. 

1 ill InxGayAl zNl (x + y+ z = 

i. osx, y> z s i ) ±iozt&mmzm-$-zm2m 

WM InxGayAl zNl (x + y + z= 1, OS 

x, y, z S 1 ) *f8.m2i±Z>J:mt> 

buIB^ 1 I n x G a y A 1 z Nl ( x + y + z = 

l. osx. y, z s i ) ±icm&m2mnmi nxG 

a y A 1 z NJf ( x + y + z = 1 , OSx, y, zS 
mUW2^mM InxGayAlzNJf(x + y + z = 

l. osx, y, zsn <D*mm\m<om±.vi. m 

tSM 2 M'mm I nxGayA 1 zNl (x + y+z = 
1. OSx. y. zSl) ilD-iSSF-^O 

ts^.mmmm& /a-r £ is 4 . 

B?I2^2 mmm InxGayAl zN@(x+y+z= 
1. OSx. y. z S 1 ) ©*J6I$®±{C. 'pt£ < 4 & 

Huts j§^m@©-sp 4 g-r ssr 2 ^@£»i&-r exfi 4 

[f§*Jl 5 ] G a A s *tt£«l¥*{*J|*> 0 
SlillGaAsIii, 

SSlllSGaA sg8LBcgJl Ufcg$WI©A 1 g' 



3 

a I n PJI4, 

Cft^A 1 Ga I n PJS©fi±@tCJ&lj£<*ftfcS&2igS 
SGaAsfi, 

tt£ 2 aSHS G a A s )B±©-»«««: $ ft fcl&tt 
Mi. 

mrie^2 ilSG a A s JB±OffiEt&iimj$&i«£0l- 
©MJ#t^J&i*ft/c. f)IB^2^mSGa A sHifiJ— 

tt&JRWR*ffi±tc ftfcS^mSi » 

Bfriem#M±(cffM3ft. 4>ft< <tt>iries^s<D— 

ffiKft 1 i^SG a A s »«SEK:0J?Jt3 ftfcjfl 2 *& 

t»*a 6 ] g a a s mt^^mwmiph^m.*) 

* 1 &BSG a A s S«±te««*©A IGalnPl 
Cft6A 1 Ga I n PI©t±IKS211SGaAs 
2 jgHSG a A s ■±©-S«ttK|&IM*JBJdET 

m^W2 mmmG a a s ii±(DitEMiMesjfflmu»w 
sin i ««*»jssrr4xg4, 

mrfBUt 1 iSGa A s mffiMMltm 2 *S4»J5W 5 
[f|3j&S7 ] Bfl5B»«R«. Hi 1 i^A 1 G a I n 

PK*si>tt» i mmmc a a s k-c&s ct^mwit 
•j-sm** 5 so* 6 et^k««MNnMix»7&cf-C' 

[0 00 1] 

(CM"*-*. 
[0 002] 

tlmriO. ¥£{*#Sfc^©|fl#S#^ 
«ctfftft-Cl>S*s. #fe*>gie& 4*©#fc5£Big©iSt>fe 

tts©#&jfc&*BB-r* -a fc. ^c-csje. 

G a N, InGaN. G a A 1 N3?©G a N^fb^* 
^ftt«4*ffl^/c^3t^T*5. *ft«##-f*- K (L 
ED) PU—9jf<(zt-f (LD) iLTft@2ftr# 
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fc. 

[000 3 ] C©G a NXtt^**f*9fc*X?«. 

^7^tt»l*teS«Ta3fc«>. GaAsf»fc 
IBIHfri 1 © <fc 9 <ca«W«:«ai*»W -5 C 4 #-C*fc 

i>. -ec-c. it^a^^MfiiSKcpfflti, nan* 

10 *^41»)tUtCi^l>. 

[ 0 0 0 4 ] B 1 2 «, flBS©G a N*{t^«J**«E* 
^^IWffiWSEI-C**. -77W7.B«l©±tt:. 
S@9, 1 7#T{C|6H:f<E>ftT(,»*. f7 7 4~7WGL\ 
<DTKBGaN^-;7 7l3, nIGaNI5, p3»G 
aNB7*stgSfiSSbTl,^. pIGaN17©-W 
X 5 1 > ?1S ?ntlUJLfcnIGaN15 (C NfflUS 
*S9#, pSGaNB7(CPffliJHl 7*5^ntU 
-5>„ CftfcPfflmSl 7 4Nffl!lSffi9i6J t >J-F7U- 
A5 3©±K$f|^-* h*©i9S1£«#S«J*45 

20 > h snro-s. 

[000 5] £©«fc 5 tt«*©G a N$4b£«M|£3M*?& 
:H9R-PCtt, i©J:^KnSGaNI5^btpSG 
aNJ17*^NffliJ«®9^WCm^*%n. nlGa 
NJ15 4pSSGaNJi7i©*^ffirf6*t,fc##> V 

7 7 -f7iSi ^iit-rmotUSftS. 

[000 6] — GaAs, AlGaAs, A 1 Ga 
InP^OGaAs *<b£«¥*(«m*m»fc|&3fc* 

^■*>. is&-«a63fi©»3ey^*-K4or^fflSftr 

l>*. C©GaAsSit^Wil*S^B. G a A 
30 sIS±(C®51©A 1 Ga I n Pl?:ii?t. PI 

mm$>&^itNmm®<D— -n^K 1 Ga i npjgfflijjc, 

ftfc££G a A s SKSffitCj&ft-r £. 

[0007] tstt»-r»jfeL.fcjt*. ms-ca^ftic 

£&< A 1 Ga I n PJMiJrt>6HX<P fcH-r/cWC. ®SfE£ 
ffitfc LTrSttJf NtAt £ fctf>©m*jfDi£ffcJI **f3:W h ft 

[0 0081 B13B, g£3fe©G a A s mt^i^MW 

5mm?-<Dmwmmm-c$> s 0 niGaAsiS3i© 

±(CnIGaAs^^77i33. nSAlGalnP 
40 ?77 FB35, A 1 Ga I n Pffitti3 7, plA 1 
GaInPi'7 7F13 9, p 52 A 1 G a A s mjJiEffit& 
(157. pMGaA s 3>£? hJ14 3#J&fib-CO 
•So p32G aAs3>$iiH43 ©±(C PflWffi4 9 
nIGaAsS!3 1 ©gf(C N 5 1 

$ft-cc^„ 

[000 9 ] C©<fc5&«iS©GaAs^b^30g<* 
Sfi^ttt, P{SjmS4 9*>6^ftSmfiS*5> p§2A 
1 G a A smifctlL.fcms 7ffiii$ntA 1 Ga I n P 
r£teJ!3 7K:aA3ft. A 1 G a I nPr£t£J13 74p 
50 SAlGaInP?77KI39 i©S^IT'^lfc 
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5 

PMW&4 9©»6gxotB?n-5.„ 

[0010] 

w&mmmm5 5#y- k?i — as 3©f5a^p ng^ 

^■tf-fX£*#< CTU- h"b U-A5 3<DraPS*JA 

Sfc. 'J- K7 U-A5 3 i^iCD-7^> hfig 
iff K#iWffK£g-f £ /c*. llttK^W £ 4 1 » 5 P^S 

[0 0 1 1 ] —ft. M 1 3-r^L/cS£*CDGaA s2Hb 
^»*»(*»563R-f-t?«. pSAIGaAs «%i£ttJI 
5 7 ©US *CF-h»T*4 4«**s+#«:l£f*3 ft? . 
Pfflijmffi4 9 ©itT©A 1 G a I n PrSttJB 3 7 ©*tc 

-7 -ifin hftU\,> 4 (,> 5 X£.&$> -> tc. C 
flfcK^fcttpSA 1 GaAs^iMti5 1 *m<? 

[0012] ee*«aiiL,r^ga^7 -1310 

7 0 ©<fc 5 CC. 5 v ^©itl^ 
©ffl#£fc>-tf&41JSi;**rC<,>£#. ^•y-iyf^i'W 
[0013] **HBI*£U:© «fc 5 ttMiBtt:«*-C)iS3 ti 30 

^c*^so*^©^«^a^et-r 4 c i -c&s. 

[0014] 

[HH£fl?&-r£;fc«>©^f8:] ±j$L/cSlft£jif&-r£ 

^ll^SGaNIi^ ^ll^mi!GaN®±«:fiKg 
b/cffl2>g§S3GaNJ14. tf2ilSGaNli^ 40 

n. Buiem 1 §isg a n®±«:^ s nfcsg 1 m 
mt . B?ts^2 m^mG a Nji±©-gp««tcjfjfiS;3 n 
fcjg^igi . mnsm 2 iiiG a Nm±<o^Bmam 
mmtmt^mmcmm^fttc. mzmzmnstGaN 

mmmnmi.tcBfS.zfttcm.wmmt . iiri2^M±«: 
4>&< tt>ims&fmsff>— $>tm?z>m2 

[ooi5] mzvamGrnwut. g a umt&mm 



0-173224 

6 

r*or. ^wratt^cJ&iaMigGaNJiijffi 
fi£i*4XfI4. liliGaNl±Kf2«^ 
GaNBSrfigfiS-eSX?^ jfofEJH 1 ilSG a N/f 

±tc msm 2 GaNii mt-r zmimm&mm 

tSISi, *frfBm2«SSGaNe±©— SB^Kiffi 

3til£ffM-f sx?i4 . mriem 2 j§s§!g a Ng±©mr 
&mmfemmmn<mmc , ei 2 wns g a n 

4. girteffi^Xfc, 4>%< i^Byie^^®©— gp^ ' 

GaNIHgiJ^e^K^tiS-rci^-C^-S. JglRtfffl 
2Sfig*ft(CGaNJgffJtCjgfiS-rt-5©t? < -7^>h{4 

< . £ fcjg 2 me^-r & ■? t *> ^ .< > >m<rm^ 

[0017113 ©*Hi©1**tt. G a N$4t£ft¥* 

It^T^TSSi, gE^T^TSfctCCfiESl/fcll 
OTSGaNli, «E»l*«S!GaNJB±{CliSSL 
fc. ¥^B?rWt--S12 «m^G aNIt, 2'M 
MGaNIi^^h, WE»l*«SGaN»±(c 
MSnfcfllii, fulB^ 2 HiG a Nd©^M 
tn fiW©JB±K?BJSS3 n/c. fiilEl 2 mmSLG aNl 

^n^±tc^$nft:M^@4, wmm2mmmG 

a NJ1©¥«MMI±«:JBjsSS ti. ^ < 4 & jto!5jg?§^ 
S©-SP4«-T 2 S@4£jyf L/cC 4 4c*-i>„ 
[0018] miomJXDimiZ. GaNfjk^i 

ftg^e^^m 1 ? m-r^b^*^^7fe«^©s^& 

T*o-C. if? 7 ^ TlSitCf 1 I^G a Nl^S 
fi3-e&Xfi4. ^l««£!GaNJI±tc£HftlKJI& 
*-r^l2^MGaNjl*fiSS?-t±^XS4. buIE^ 
1 mmMG a NH±{CboIEM2 $HG a N@4^-T 
^im^^fiS-r^X|14. sulEl2^«MGaN@ 

©*^BJiW©@±K:. mizm2mmmG&Nmtm 
-mmm k->-o h ^$t?#)i»^ffi?:^-r^>xg 

4. K£JISKS@±{tMWm@£ffM;-r 3X114. bu 
IB»2^mMG a N@©^Jg^@±tC. ^^c < 4 <,fl»B 
5§HJS@©— SP4S-T SI 2 mS^^fiS-T 3X?i 4 
ttbfcC4«:*S 0 

[0019] m3Rvm4<D&wt>cj;ftii. m2mm$L 
GaNioi2 mmTmm^mmm «. v x i » 4 ©t-. 

12 Sm^G a NgXKi^a^^^4^S*Sifel,^c 
i*. ^*tt^(Sj±-T4. I21ST^21^GaN 

e©*^^S4&ort,»s©t:-. mz>£#SHBm&4£ji 
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[002 0]f 5 G a A s JR{t£*M£ 

T, ^li^GaAslti, if lilSGaAs 
*«±<C«JlLfc«iWl©A IGalnPli, Cft6 

A 1 Ga I n pm<ost±MicM^titcm2mwmG a 

Asii, l^l2^S^GaA sM±CD— gPM^K:^ 
Sft/d&iSMi . Btifa^2 HlGa A s H ±©1^1*6 

**»is«iguy^«i^ j&s $ ft/c . maa? 2 z®hm 

GaAsIilH-lISK-^O h£$t?£JSSMS@ 
i. tt^JRi*JRSS±<c^$ft^aqs<fii£, mrfBte 

■nmimmt. s?fe»i^sMGaAs««sffi«:^ 

H££ ftfcSI 2 *«£ * JMf Lfc £ i Oc * 
[0 02 1 ]f6 (D^BgtD^mti. G a A s b"£«M£ 

Hmb^¥^*e*j*F©s*# 

* liliGa A s&fc±lcm&JE<DA 1 
Ga InPMSi^tSISi, £ft6A!GaIn 

pm<Dm±m< / cm2 iiig a a s m^Bi&f 4x*i 

i, if 2 if «SG a A s Jl±®— 8fllJfttC|fiiM(£ 

fitr 4xii t . Suief 2 igmM g a a s ^JbcDBuia^^ 

«&$««ew©fl«*«: . mfiaf 2 GaAsli 

m-m^m f-><> i *$;tf&mmmnmzBf8,-4- 4 x 

H-f^^lllifC, 4>fc< i4>B«fBSBjm@©-g|JigT 
4f img^fi£-r4XSi. ilBf l^iSGaAs 

£>4„ 

[0 02 2 ] »5RCf»6©«W«:j:ft«. JIl>Wfett 
«c4. »lSSTKttSK^*5<DT. «t«i«lSg 

mricimti-r. mmmmt^mmmmm^iyxm2 
mwMGaNmK.%im&.<iZA$tiz. c<Dtcn>, mi 

[0 02 3] ^7CD|%K<D#®«. f5SO-f6©^ 
(Cfet,>T. fi?ie^jg«. f lilSA IGalnPI 
$>ZWZm lima A sM-C*4Citcfe4„ 

[OO24]f70DHIS(Cj;tiH l f2fiSGaAs 
B±fC. cnipnf^tSf lilSCDAlGa I 
nPM$>4t>«Ga A sI^Mt^OT, |a)S^it^» 
ffi(C,fcoT4Itti!|i(Sl±t4. 

co 02 5] m8<D&w<Dim<<z. wxTi^mi amm 

4Ci(c*4. 

[0026] msc^BjKctftw. &&mmn&tmvi 

It »t tfclS?:f 2 i^iG a A s < 
#tSrt4£i#-Ci*4. 
[0027] 
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xri^xwa-r*. ai~3«, *mw<om-mtmm 

G a N^{b^*«»#6^^©^^73i*^^ 
•T»rS^Jt0-CS>4 o 

[0 02 8] r -iTWSsL 1 ©±(CGa N-*"? ? 

77/13. nMGaN15. MpSF-'OFtfei 
Mg£S*fpMGaNB7*J£J|/&6;*-e4 (01 

(A) ) . 2ttC. pSGaNiTiCPEPttJCtSA-di 

?>^£t T l\ niGaN155:lfflJ 
10 i±4<, 3 6tePEP££flH>T^£--.=->:7*%? ; H : >. ^ 
[BUfcnSGaNi5©±«:Ti/Auf5:lfU, p 
aGaNJI7i»»$ft4N««S9*y 7 ht^Stc 

.totMts. j fmmt-rztc&ici o o°c 

r2 0flflB©7--Jl/*fr5 (II ( B) ) o 
[0 02 9] £©f£. i»CVD&K:<fc«3. JftttM£>Bt& 
SiO ! Mil ZftmtZ (§2 (A) ) „ SiO, i 
11%. PEPffiKJror— 

^4. pSGaNB7©i©SiO ! Ml lifiBffLZ 
ftft>acC>««{C. £JS*»MSgl 3i&4Mg/N i 
20 = 1 nm/2nm£^fr4. ^UT. RF^A,$SKJ: 
oTIS 1 0 0 nm© I TO (indium Tin Oxide) jgW^ 
il 5^ML//dl, ^Ft^tiCiiCt^tpS 
GaN17 <LI§J — p §g K— h fi>4M g 'IrefifsirJii 
«M*@1 3A^tiX$ft4. ^KiSM^ffil 3ipSG 
aNJ17£©IH©*#tei:i---5 *14£fa±$i±4ft: 
«>. 5 0 0°C. 1 0^©7--J^tf 5 (0 2 

(B) ) . 

[0030] PE PSCCJ:4>'^-->^'ix 

sio ! mi i©±k. i TOjgHj^ 

30 mi 5©— SPiS-T4*>f : -< KfflPfl8«ffil 
7*Ti/Au9-CMtS. £©B#. NffiiJm@9£?S 
^SiO, m\ 1 &|SJB#K:|i&£u T i /Auf©ti 
?r^-^-n- h^-4 (S3) . 
[0 03 1] £©«fc5«:Sfr— pIF-^ 
> |--C*SMg5:gOpSGaN17©i©- gPMJ^ 

tc. ffigit^ss io ; ii i»^nn^ 5 $ 

p!GaN17©±©SiO ! Ml l*^^g$ft 
p^GaNJ17 <t|51— ©pIF-a-> 

bx-frzM gz^ts&mmmm&i 3. mi toshj 

40 m&l 5#7£ti£$ftT:i,>4. SiO, Ml l©XfUi. 

1 To^msi 5©— 5Pi}g-r4*'>7 r ^ k 

IPilll 7^fi£$ftr^4o 
[0 03 2] ITOS^SI15a, naqF«S|-C*5 
Sn^t?/c«6. — «fCp^Ga N@7©±K:W^fi£-C 
*^TIJ. p!GaN17 iJt®W^-5 ? 

*©K»)-*»-n»M»**tf*«w««ffii 3*. mto 

tcyticMLX7 0%©Sil^ ; &-r4ct'5^«3T-*4 

2nm©s$-cjgfiSb. $hic£mmmmm\ 3©->- h 

S!n5re2g$-l*4/c*4CJl$ 1 0 Onm© 1 TOig8j§^@ 
50 15?r^LrCi4<, 
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[0 03 3] t(Dtctb, Mg££b&lRWRttBl 3 CO 
FfflPflWtffil 7*5] TOigH^m@l 5<D-U±mbX 

[0 034]i3^tJ: ; )^, *!69i©GaN3&{b^ 

<, nSGaN15ipSGaN17<b©8^I*6« 
Tic^n^TE^, S@9, 1 7*s*JSESft4GaN*»*> 

[0 03 5]Ctei:l H4<D<fc5«:, ffc^»¥SH* 

«t*?**9^sy-K7i/-^ i 9cc»Bi/TNffj 

PffJ«ffil 7iPll«^2 1 £*7-fT#>fw > 

[0 03 6] S/c, #>^>^ 9 FSP|U»|i7 
I T08IB«ffil 5<3D±CCit«»Stra<DTtta 

<, mmmtte&s i o 2 ri i<d±k:i tosbjjss 

l 5©-»i«r*J:9K:jgJ5Sur(r»4. cote*, * 
«WP»J©ITOaiB«il5*^LrttlfcSti, £JS 
*iM^@l 3 4^Ut P§SGaNB7tcja^<aA^ 

[0 0 3 7 ] n SG a NI 5 CD0-I±{C N IIRfi 9 S 
■3HfcWS»ittO. SfflS^lfi. ?e^c, IT 

[0038] a*?, sio, in, ^mmmnrn 1 

3, I TOjgHJimffil 5, SW>f^ FfflP 

mnmi i<om m\z. mzx^tcm^mh^. 05 

(A) % (B) (Dcfc^CC, dC/fw >yrf* FfflPfflfl* 

mi 7&&mmmmmi 3mi Toawwsi s<om 
*«c»-r4«arfea<* 4>fc< it i Toawitti 

<C><D<k5te, p9GaNJI7(D— ffiRlM«446ft 
123 <H*. C©*«li2 30± 

fe©-C&4. Cttfcititf, SiO, Ml l£Jgj&T£ 

[0 03 9] S 6tC. £BHMt*& 1 3©»ttB*ri/ 

tt«cE»UTfcftl>. C(Dcfc^«:#MPJgmSl 3£g 



(6) #g{§¥ 1 0- 1 7 3 2 2 4 
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[0 04 0] HTfc, *»M©»m*»«*HffiCC|S 

[004 1 ] if, nSGaAsli3 1(D±iCnSG 
aAs^^7i33 4 nSAlGaInP^77Fl 

3 5, A 1 Ga I nPrSttJf 3 7, piA 1 Ga I nP 
10 FJB3 9. MpSF-^'>Ft^^Zn^ 

pSGaAs3>^^ hM4 I &m>X&m$#2> (07 

(A) ) a pMGaAsn>^>?H41 

t*CC. niA 1 Ga 1 nP*SWinSGaAs©l» 
^n^l4 3^M*T6 (H7 (B) ) . 
[0 042]^ pSGaAsn>^^M4 1©± 
(DliS'/n ^14 3«J nti^cC^Mc, P §y 
GaAsn>£^bJf41 id— ©pfflF — h~C& 
£Z n£^tf;£ll3|jK^@4 5 3r, A u Z n = 5 nm, 4 
30°a 1 5#<D^>*K:J:^T^iJET<5 (B8 
20 (A) ) „ lffiyn^!4 3<!:^IIIlg 

4 5©±tC, I T0298«S4 7*^-TS (0 8 

(B) ) . 

[0 04 3]*»(C, «S^O-^I4 3©±©ITO 

aiBKffi 47*x!??> o /c«, i t ommmm 

4 7©^t«rSP«W«4 9*»JS-r*iBI«FCC 1 
nMGaAs«t£3 l<DHffiCCNffi«ffi5 1 *JBBtTS 
(19). 

[0044] c <d <t 5 ecjursacBJBrtt, Plii 4 

9©T«CC*l£p nagger nMAlGaInP& 
30 i^ttnSG a A s OlS^o ^ ^14 3 P 

Sfc. Pffl»Jm^4 9*5 i TOS?§li4 7 CD— 95£}gL 
r^4fc», 09<D<£5K:, sawi Toail«ti4 7 
*^UTJ£«3*i % A 1 Ga I nPr£teJ13 7teS»S 
<aA?n^ e CCDte*. AlGaInPrStti37i. 
piA 1 Ga I nP^7? FH3 9 4<D«^BBCC*jC^ 

[004 5] 3 6tc. ®S^P^143?:GaAsS 

pJ*6T*Sift{c % B13t/Tl/cSl>pSAlGaA 
s«*J£«»5 73&s^Sr*4/c», £jgtt#fSj±U 

f 

[004 6 ] ? ?M4 3, ^SiSgSffi 

45. I TOa?8««4 7, acfP««ffi4 9©«ii 
tt, 19t'7nl/c»g{CE6-f, 01 0 (A) - (C) 
©<fc5*C. Pflti4 9«£ISRSS4 5Stf I TO 

mwm&4 7<DH*cc«-ri»ST4>^< . *j>fc<±*> 

50 £ 0 
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[0 047] £tc. mm-fti v *Jf 4 3tt. nMA 1 G 
a I n P&SlHinSGa A st^M'Sltt< . Si 

b. si o (a) - (d) -c^-ri^^itcc-r^ci 
*SBJt6r*s„ 3 &nftg*&4 5<D?i£RtSi&-r 

[0 048] «±»Wb"C*A:*|BI8©G a NJMtett 
4 ££*©-?• n<t©, I -V#14, ££>'3fc 

mfi>ffltzitm Lit v^yimi ucm?. 0^. $m 

tt. -*«Mi»s8a6©*a*i$tt*^-r. 20^©^ 
«c*f-rsjB#isi*Ett#»3ij. se*ft«:3. 8 v. se* 

©7t!H*«ft7 0 MWt?*a©«:^L, *|%Bg©^nB 

1 0 0 iuwit,^s«F^#f4*W6n/c 0 ^lAiftT 
©I -v#tt^ti}^©tfe,o*^^K:^< . jr.?. 

0gD9O%JW±T*o/t„ 

[ 0 0 4 9 ] a*. i-sc;f;*iii-c(i, G a N 

Jli btHiBSl/fciS, CftfcBl^i*ft&k©r&< I n 
x G a y A 1 z NJg : x + y + z = 1 . OSx. y, z 
SlT«fcl,». *fc. £Jlg?JHSffi 1 3 , 4 5®tmil 
TNi^AuZn. Mfii 5, 4 7©MI4<t bT I 
TO (Indian Tin Oxide) CtllcmZi><D 
r«£l». ^JSitlSS® 1 3 . 4 5©tm&ty 

Ttt. AuBe, A uMg, AuGef©pSGaNI 
7*4WJpSGaAs3>$^ f-jf 4 i tc*J"T£ K — 

4 7{C»-r**3|Htl5l±©fc*. £Jg^jg«gl3. 4 
54Ni, AuZn, Ti/AuZnf©?IMiL 

[0 050] $ 6>(c. ^JStfM^S 13.4 5 5 
vfmmtir £fc«>©~»#S;i:. £JlftJgm@13. 4 
5*Mlfcfl!Tot^l,>l/, I TOS??SSl 5, 
4 7 **fi&l/fc«fToTt>jai». 

[0 05 1 ] 

[*«©«*] «_b. >*^9j©ft£«Mfai«**63fcJ*?-R 
0'-e©Mi»7jSK:j:ntf. {bi^Mai&/I©±K:c*a<t 

©±K^f££*ifc3Bjm&©4>& < i fe-gpig-r^m 

S^fiSL/c©r. St*3^h*s®<, Sai*fc(Cj@bfc 
SHJ^©Tte&SiM&£'£KW 1 ai8«@itTK:S^ 

*^n^cc^-5tcbfc©r. ^®«c^j^<m^zS 
[0®©f§£&t&ajn 

[0 i i sas»»«c«t>sw6*s*s\-r 



(7) 1 0- 1 7 322 4 
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[02] H 1 CcflK (KIH»£BI. 
Ii3]i2(Ci<Ga Nm£«M£9ft$**?©K 
M#ti*0. 

[04] *-£«B»©«3lS*f-*# v 
-A 2 1 «c^gL-/cKBB0 o 

[0 5] SB— j!JSJ£®te&:b£P[iJm®Si2©ffe©«ig 

[06] £MS8gm@©fiiJ©ffMK£^-ri4tI0„ 
10 [07] *$^©*ri3*MBB»tcfli*> i>Mi£?ji££^-r 

rnmmmm. 

[08] 07K^<ifJrffi**j£0. 

[0 9] i 8 Ki< G a A s Ift^lfitt:|i*S^ © 

[010] *-|Ufe^SI«:^t>-5Pffli|S®^2©flfe©« 

[011] *««£«£*© I - V1#ftSOt*a*1#tt* 

[012] fi£fc©G a N$4t£«^tt#Hfe*?-©|Rffi 

20 mss. 

[013] ft*©G a A s JIHb£*M|£*CtftX*-?®K 
SflSfi£0. 
[#-^©SiW] 
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